During nervous system development, axons are guided by attractive and repulsive guidance cues present in the extracellular environment as they migrate to their appropriate targets. Upon binding to their receptors, guidance cues activate specific signaling pathways. These signaling pathways, through their effects on the cytoskeleton and membrane dynamics, lead to growth cone turning. One mechanism employed by axon guidance signaling pathways is the regulation of local mRNA translation, which allows the rapid control of the axonal proteome in response to guidance cues (Holt and Schuman, 2013; Shigeoka et al., 2013) . Indeed, translation of mRNAs in the growth cone is a much faster way to change growth cone protein levels than axonal transport of proteins from the cell body.
Although more than 1,000 different mRNAs are known to reside in axons in vivo and in vitro (Holt and Schuman, 2013; Shigeoka et al., 2013 Shigeoka et al., , 2016 , studies so far have only focused on a few candidate transcripts regulated by guidance cues, the most-studied transcript being b-actin mRNA. These studies have shown that guidance cues, such as Netrin-1, brain-derived neurotrophic factor (BDNF), Semaphorin3A (Sema3A), and others, stimulate local protein synthesis in the growth cone, and local protein synthesis is required for the growth cone to respond to these guidance cues in vitro (Shigeoka et al., 2013) . Consistently, in vivo, inactivation of genes involved in the local translation of mRNAs leads to axon growth and guidance defects (Gaynes et al., 2015; Lepelletier et al., 2017) . While many studies have looked at specific candidate mRNAs, a recent study explored-in an unbiased manner-local mRNA translation in vivo (Shigeoka et al., 2016) . Ribosome-bound mRNAs were isolated from retinal ganglion cell (RGC) axons at various developmental stages and analyzed by deep sequencing. They demonstrated that the axonal translatome evolves over time and also identified sequence elements generated by alternative splicing that may promote axonal mRNA translation. While it is an elegant method to identify the in vivo translatome, this approach did not distinguish the guidance cueinduced translatome from the basal translatome. It was also unclear from this approach whether all the mRNAs bound to ribosomes were actively translated into proteins.
Thus, important outstanding questions remained. An intriguing one is whether guidance molecules elicit large-scale, coordinated translational changes of the axonal transcriptome. Another key question is whether different guidance cues induce the translation of specific and/or common subsets of mRNAs.
In a NeuroResource paper published in this issue of Neuron, the laboratories of Christine Holt and Jeroen Krijgsveld combined a mass spectrometry technique named ''pulsed stable isotope labeling by amino acids in cell culture'' with ''single-pot solid-phase-enhanced sample preparation'' (pSILAC-SP3) to establish a new method to characterize the nascent proteome of isolated axons from retina (Cagnetta et al., 2018) . This technique consists of dissecting frog embryonic eyes and culturing them on a filter (Figure 1 ). RGC axons grow through the filter pores. Mechanical removal of the eyes on one side of the filter removes the cell bodies and leaves the axons on the other side of the filter. These axons are then incubated in media containing amino acids labeled with ''medium'' isotope in the control condition and ''heavy'' isotope in the guidance cue condition. After a short incubation (from 5 to 30 min), the axons are harvested, and the newly synthesized proteins (NSPs) content is analyzed by mass spectrometry. The ratio of isotope labels indicates the relative abundance of NSPs in control versus guidance cue conditions. Three different cues (Netrin-1, BDNF, and Sema3A) were used in this study.
This work is a technical tour de force as stimulations as short as 5 min can lead to the detection of both basally produced and guidance cue-induced proteomic changes. An important finding is that guidance cues cause wide-scale remodeling of the nascent proteome, with more than 100 significant NSP changes detected after 5 min of cue stimulation. This work also reveals that, in addition to cue-induced upregulation, several NSPs also undergo downregulation, thus showing that the proteome control acts in both directions.
Using three different cues (Netrin-1, BDNF, and Sema3A) that act as chemorepellents on retinal axons in their culture conditions, Cagnetta et al. (2018) observed that different cues generate distinct proteomic signatures but also that some changes are conserved between all three repulsive factors. For these experiments, the guidance cues were uniformly applied in a bath. However, growth cone turning is elicited during development by concentration gradients of guidance cues. Crucially, Cagnetta et al. (2018) confirmed that applying a guidance cue gradient to growth cones (using a micropipette) leads to an asymmetrical distribution of some of the cues they found using their bathapplied approach.
Many guidance cues are bifunctional and can lead to attraction or repulsion depending on their environment. Some pharmacological agents (such as those modulating second messenger levels) can mimic the effect of environment and switch the polarity of the response. Remarkably, switching the response from repulsion to attraction for Netrin-1, BDNF, and Sema3A triggers an opposite regulation of a significant proportion of NSPs. For example, 73% of the NSPs underwent an opposite change with the switch of Netrin-1 activity from repulsion to attraction. It is significant that this coordinated change occurs with all three cues tested, revealing that this is a common chemotropic response mechanism.
In addition to the extrinsic environment, there is evidence that polarity switch in guidance cue response can be intrinsic and time dependent (Shewan et al., 2002; Yam et al., 2012) . It will be interesting to determine whether these time-dependent switching mechanisms also trigger opposite regulation of common nascent proteins in response to a given cue. This NeuroResource will be useful in many ways. First, the data reported in this paper is a rich source of information for axon guidance researchers working on one of the cues studied by Cagnetta et al. (2018) (Netrin-1, BDNF, and Sema3A). Indeed, their data can be searched for downstream effectors of interest, the role and mechanism of which can be further studied. Some of these targets are involved in neurological diseases and injuries, potentially opening the door to new therapeutic mechanisms (Terenzio et al., 2018) . Second, the approach developed in this paper can also be applied to other guidance cues and other neuron types, thus pushing the field of axon guidance even further.
Although the approach is, in theory, applicable to any neuron type, the amount of material (axons and growth cones) required for a single experiment currently limits the feasibility of these experiments to neurons that can be grown in vitro in relatively large amounts. However, as the amount of starting material required for mass spectrometry keeps decreasing-even to the single-cell level in some cases (Rubakhin et al., 2011) -it seems likely that further technical development will allow one to perform this kind of experiment on smaller amounts of axon and growth cone material. Excitingly, while single-cell RNA sequencing seemed like science fiction a decade ago, it might now be possible to envisage single growth cone proteomics of an actively turning growth cone as the next frontier.
